Background: Fluticasone furoate (FF)/vilanterol (VI) is a once daily (OD) inhaled corticosteroid/long-acting β 2 -agonist combination asthma therapy approved in Japan and the EU. FF/VI efficacy and safety data from asthma studies including patients in East Asia were evaluated to assess ethnic sensitivity.
Background
Asthma represents a considerable disease burden worldwide. The prevalence of asthma in Japan is amongst the highest in Asia [1] . Japanese [2] and global asthma guidelines [3] recommend the use of a low-dose inhaled corticosteroid (ICS) and long-acting β 2 -agonist (LABA) combination as step-up therapy for asthma patients uncontrolled using reliever medication and low-dose ICS alone. The inhaled ICS and LABA combination of fluticasone furoate (FF) and vilanterol (VI) is suitable for oncedaily (OD) dosing having 24 h efficacy in asthma patients [4, 5] . FF/VI is delivered via the ELLIPTA® dry powder inhaler (DPI; ELLIPTA® is a trademark of the GSK group of companies).
The Japanese and global asthma guidelines support the use of ICS/LABA combination inhalers [2, 3] ; they reduce the number of inhalation procedures, increase patient adherence, and reduce the risk of the LABA being delivered alone [2] . Additionally, OD therapy has been shown to improve treatment adherence in asthma patients [6, 7] and is associated with treatment success and decreased healthcare costs [8] . OD FF/VI 100/25 μg and 200/25 μg are approved in Japan, the USA, and the European Union for the treatment of asthma.
The multiregional global development program of FF/VI included patients from a range of ethnic groups, including East Asian patients from Japan and Korea. Based on the totality of data from the global development program, the 100/25 μg and 200/25 μg strengths of FF/VI were recommended for the treatment of asthma. As responses to pharmacotherapy can vary across ethnic groups [9, 10] , the potential ethnic sensitivity of FF/VI efficacy and safety in East Asian patients was assessed, using data from the studies that included asthma patients in Japan and Korea. This analysis also supported the asthma FF/VI submission for regulatory approval in Japan. Consequently, the focus of this assessment is asthma patients in Japan and therefore, efficacy data from patients in Japan have been compared with data from patients in all countries other than Japan. This comparison is important to determine whether the results in the subjects in Japan are comparable with all other subjects studied and, therefore, whether there is a major difference in drug response in patients in Japan relative to all other subjects studied. To provide more reliable conclusions on the safety profile of FF/VI in East Asian asthma patients, safety data from patients in Korea were included to increase the number of patients in the safety assessment. The safety results of asthma patients from Japan and/or Japan + Korea versus Not-Japan and/ or NotJapan + Korea have therefore been compared.
Methods
This was a pre-specified efficacy and safety subgroup analysis of all multicenter, randomized, double-blind, parallel-group, multiregional studies that included East Asian asthma patients recruited in Japan (three Phase III studies: efficacy assessment) and Japan and/or Korea (five studies: safety assessment). Inclusion and exclusion criteria are presented in each clinical trial summary (Clinicaltrials.gov; registration numbers: NCT01165138, NCT01134042, NCT01086384, NCT00603278 and NCT00603382) and asthma-related clinical criteria are described in Additional Files 1 and 2. In brief, nonsmoking patients with a diagnosis of asthma as defined by the National Institutes of Health [11] aged ≥12 years with a pre-bronchodilator % predicted forced expiratory volume in one second (FEV 1 ) of 40-90 %, and FEV 1 reversibility of ≥12 % and ≥200 mL within 10-40 min following 200-400 μg inhaled salbutamol were included. Permitted baseline asthma therapies are described in Additional Files 1 and 2. All studies included in the analysis were approved by local ethics committees (Additional File 3) and carried out in accordance with the Declaration of Helsinki [12] . All patients provided written informed consent prior to undertaking any study-related procedures.
Efficacy analysis
Efficacy data are presented from three Phase III studies that included asthma patients in Japan: HZA106827 (Clinicaltrials.gov registration number NCT01165138) [4] ; HZA106829 (NCT01134042) [5] ; HZA106837 (NCT01086384) [13] (Additional File 1). FF/VI 100/ 25 μg OD and FF 100 μg OD were investigated in studies HZA106827 (placebo-controlled) and HZA106837. FF/VI 200/25 μg OD, FF 200 μg OD, and fluticasone propionate (FP) 500 μg twice daily (BD) were investigated in study HZA106829. FF/VI and placebo were delivered via the ELLIPTA DPI and FP was delivered via the DISKUS® (DISKUS® is a trademark of the GSK group of companies) DPI. A range of efficacy endpoints were assessed in the individual studies, but only trough FEV 1 measured at the end of a dosing interval (the primary endpoint in studies HZA106827 and HZA106829 and a secondary endpoint in study HZA106837) was analyzed in the Japan subgroup, as pre-specified in the analysis plan. Efficacy data were analyzed for patients recruited from Japan (Japan cohort), all patients that were not recruited from Japan (Not-Japan cohort), and all patients studied (Overall population). Patients were assigned to these cohorts according to the country in which they were recruited and not according to race. Ease of use of the ELLIPTA inhaler was also assessed by questionnaire in study HZA106827.
Change from baseline in trough FEV 1 at Week 12 was pooled for each treatment arm from studies HZA106827 and HZA106837. Statistical analyses for treatment comparisons at Week 12 were conducted for FF/VI 100/25 μg versus placebo, FF/VI 100/25 μg versus FF 100 μg, and FF 100 μg versus placebo. In the individual studies included in this analysis, sensitivity analyses (using repeated measures analyses) supported the primary analysis using last observation carried forward (LOCF) data for imputation of missing data. Consequently, LOCF data were used to perform the current statistical analysis using an analysis of covariance (ANCOVA) model. Effects due to geographic region, baseline FEV 1 , gender, age, treatment group, and study were modeled. An interaction term for treatment by geographic region (Japan/Not-Japan) was also included in the model. A similar modeling process was used to analyze the results of the FP 500 μg BD-controlled study HZA106829, in which FF/VI 200/25 μg and FF 200 μg were assessed at Weeks 12 (post-hoc analysis) and 24, using last observation carried forward data.
Withdrawals due to lack of efficacy were summarized for each cohort in the efficacy dataset.
Safety analysis
Safety data were pooled from five clinical studies: the three studies included in the efficacy assessment and an additional two placebo-controlled FF Phase IIb studies that included East Asian patients in Korea: FFA109685 (NCT00603278) [14] ; FFA109687 (NCT00603382) [15] (Additional File 2). These two studies were included in the integrated safety analysis to increase the number of East Asian patients assessed and thereby increase confidence in the results. There are similarities in intrinsic and extrinsic ethnic factors in the populations of Japan and Korea [16] [17] [18] , supporting the pooling of patient results in these two East Asian populations, which has increased the number of East Asian patients assessed and thereby increased confidence in the conclusions that can be drawn.
All five studies assessed a comprehensive range of safety endpoints, which are presented in the relevant publications; however, for brevity we only assessed key safety data in the Japan subgroup, as pre-specified in the analysis plan. Safety data were compared between treatment arms for patients recruited from Japan and Korea (Japan + Korea cohort), patients recruited from all other countries (NotJapan + Korea cohort), and all patients studied (Overall population). The safety results are considered for OD placebo, FF/VI 100/25 μg, FF/VI 200/25 μg, FF 100 μg, and FF 200 μg from studies HZA106827, HZA106837, HZA106829, FFA109685, and FFA109687. Results for the doses of FF monotherapy that were not progressed to Phase III for FF/VI from these five studies are not presented. FP 100 μg BD, FP 250 μg BD, and FP 500 μg BD were also included in the analysis of urinary cortisol data.
The incidence of all adverse events (AEs), treatmentrelated AEs, and serious AEs (SAEs), including exacerbations, was summarized for patients in Japan + Korea, Not-Japan + Korea, and the Overall population of the pooled data set. Electrocardiogram (ECG) results including QT corrected using Frederica's correction (QTcF) were also assessed in a subset of patients from HZA106827 and HZA106829. AEs related to known ICS or LABA class effects were a focus, including lower respiratory tract infections (bronchitis and pneumonia), cardiovascular effects (heart rate and ECG), and effects on glucose and potassium. An Asthma Composite Endpoint was also derived to assess independently adjudicated asthma-related hospitalizations, intubations, and deaths in studies HZA106837, HZA106827, and HZA106829.
The urinary cortisol excretion over 24 h was measured at baseline and at the end of the treatment period in a subset of patients from studies FFA109685, FFA109687, HZA106827, and HZA106829 (Urinary Cortisol population). For treatment comparisons, the urinary cortisol excretion ratio (end of treatment/baseline) was analyzed using an ANCOVA model of the log-transformed urinary cortisol excretion with effects due to geographic region, log baseline urinary cortisol, gender, age, treatment group, and study. For the analysis by geographic region and for estimation of regional treatment differences, an interaction term for treatment by geographic region (Japan + Korea/ Not-Japan + Korea) was also included in the model. Withdrawals due to AEs were summarized for each cohort in the safety dataset.
Results

Efficacy analysis
The intent-to-treat populations in the three efficacy studies comprised 3,214 patients recruited in 11 countries (overall population); including 148 patients (5 %) recruited from Japan (Additional File 1). Eighty-five percent of patients in the Overall population and 70 % of the Japan cohort completed the respective study. A higher proportion of patients recruited from Japan (14 %; N = 21/148) than Not-Japan (3 %; N = 104/3,066) withdrew due to lack of efficacy. In the Japan cohort, a greater proportion of patients withdraw due to lack of efficacy with placebo (42 %) than with FF/VI (7-9 %). A similar pattern was observed in the Not-Japan group (placebo 13 %, FF/VI 1-3 %).
Demographic and baseline characteristics for the Japan and Not-Japan patients are presented in Table 1 . All patients recruited from Japan were of East Asian ancestry and patients from the Not-Japan cohort were principally White/Caucasian (81 %), but included small proportions of patients of a range of geographic ancestries (Additional File 1). Mean baseline prebronchodilator FEV 1 was lower in patients recruited from Japan than Not-Japan, consistent with the literature and the lower average height of the Japan patients [19, 20] . Furthermore, patients recruited from Japan had greater mean % predicted FEV 1 values than the Not-Japan patients.
At Week 12, increases from baseline in trough FEV 1 were observed for FF/VI 100/25 μg, FF/VI 200/25 μg, and all active treatments in the Japan and Not-Japan patients (Tables 2 and 3 , and Fig. 1 ). The least-squares mean change from baseline in the placebo group showed a slight decrease in the Japan cohort (−0.022 L) compared with an increase in the Not-Japan cohort (0.133 L). Consequently, greater improvements from baseline for FF/VI 100/25 μg OD versus placebo were observed in patients recruited from Japan than Not-Japan, although the variability was greater in the Japan population due to the smaller number of subjects (Table 2 ). Adjusted treatment differences for FF/VI 100/25 μg versus placebo, FF 100 μg versus placebo, and FF/VI 100/25 μg versus FF 100 μg were directionally the same in the Japan and Not-Japan populations (Table 2 , Additional File 4). Furthermore, there was no evidence of a statistically significant difference in trough FEV 1 treatment effect between Japan and Not-Japan patients at Week 12 (P = 0.403).
In the separate FP 500 μg BD-controlled study that assessed FF/VI 200/25 μg and FF 200 μg at Weeks 12 and 24, the least-squares mean changes from baseline in trough FEV 1 in all treatment arms were consistent in the Japan and Not-Japan patients (Table 3) . The results in the Japan subset should be interpreted with caution due to the low number of patients in each treatment arm. Nevertheless in the Japan patients, the least-squares mean changes from baseline in trough FEV 1 In the Japanese asthma patients, the ELLIPTA DPI was considered easy or very easy to use by the majority of subjects (77 %), which is consistent with results for the Overall patient population (Additional Files 5 and 6).
Safety analysis
The safety analysis included 188 patients (5 %) recruited from Japan and Korea (Japan N = 148, Korea N = 40) included in the five studies (Overall Safety population N = 4,028 recruited from 21 countries (Additional Files 1 and 2). Demographic and baseline characteristics of the Japan + Korea patients in the Safety population (data not shown) were consistent with the Efficacy population ( Table 1) . Studies were completed by 139 (74 %) patients in the Japan + Korea cohort and 3,266 (85 %) patients in the Not-Japan + Korea cohort. The number of patients who withdrew due to an AE with FF/VI 100/25 μg, FF/VI 200/25 μg, and placebo in Japan + Korea was 3 (6 %), 1 (7 %), and 0 patients, respectively, and for Not-Japan + Korea was 14 (1 %), 6 (3 %), and 1 (<1 %), respectively.
Exposure to treatment varied across treatment arms as a consequence of the different durations of the studies integrated (Additional File 7) and should be considered when interpreting the incidence of AEs in each treatment group. For example, in both Japan + Korea and Not-Japan + Korea patients, there was a >5-fold longer mean duration of exposure in the FF/VI 100/25 μg treatment group relative to the placebo group.
On-treatment AEs (Table 4) were reported by a greater proportion of Japan + Korea patients (placebo: 41 %; FF/VI: 64-79 %; FF: 69-73 %) than Not-Japan + Korea patients (placebo: 23 %; FF/VI: 45-57 %; FF: 36-54 %). The most frequently reported on-treatment AEs in all populations were nasopharyngitis, headache, bronchitis, and upper respiratory tract infections (Additional File 8). A greater proportion of Japan + Korea patients reported nasopharyngitis (placebo: 21 %; FF/VI: 49-50 %; FF: 23-29 %) than Not-Japan + Korea patients (placebo: 5 %; FF/VI: 10-13 %; FF: 8-10 %). A lower proportion of Japan + Korea patients reported headache (placebo: 3 %; FF/VI: 0-6 %; FF: 7-9 %) than Not-Japan + Korea patients (placebo: 6 %; FF/VI: 6-17 %; FF: 7-15 %). For the pooled dataset, the incidences of AEs deemed to be treatment related by the investigator, as well as fatal SAEs and non-fatal SAEs, were all low and generally reported for similar proportions of patients recruited from Japan + Korea and Not-Japan + Korea, with no trends across active treatment arms ( Table 4 ). The most commonly reported treatment-related AEs in Japan + Korea were the well described local ICS effects of candidiasis and dysphonia, which were also among the most common treatment-related AEs in the Not-Japan + Korea cohort. For other potential class-related effects, the incidence of AEs related to blood glucose or potassium was low in the patients recruited from Japan + Korea and NotJapan + Korea. Changes in heart rate ≥6 bpm relative to placebo were uncommon. Changes from baseline in the maximum post-baseline QTcF were consistent across all There were two SAEs (both subarachnoid hemorrhage) in Japan + Korea patients (FF/VI 100/25 μg N = 1; FF 100 μg N = 1), which were not considered treatment related. In the Overall population, the most frequent SAE was asthma exacerbation (FF/VI 100/25 μg N = 11; FF 100 μg N = 9; FF 200 μg N = 1). For the Asthma Composite Endpoint, no events (asthma-related hospitalizations, intubations, and deaths) were reported for patients recruited from Japan + Korea, and the incidence was <1 % in each treatment arm in Not-Japan + Korea patients. The incidence of respiratory-related SAEs and pneumonia-related events was low in both the Japan + Korea and Not-Japan + Korea cohorts.
The urinary cortisol population comprised 1,385 patients (88 [6 %] recruited from Japan + Korea). Geometric mean ratios of 24 h urinary cortisol excretion at the end of treatment relative to baseline were generally close to one (Fig. 2) . Treatment comparisons for the Japan + Korea and Not-Japan + Korea cohorts were performed for FF/VI 100/25 μg versus FF 100 μg, FF/VI 200/25 μg versus FF 200 μg, and FF 100 μg or FF 200 μg versus placebo, and were not statistically significant (the 95 % confidence intervals encompassed one; Table 5 ). In the Overall population, only FF 200 μg versus placebo was associated with statistically lower cortisol ratios (16 % reduction in urine cortisol excretion [ratio of end of treatment to baseline]), which is unlikely to be clinically relevant (Table 5) . No statistically significant differences in the treatment comparisons were observed between the Japan + Korea and the Not-Japan + Korea cohorts (Additional File 9).
Discussion
The ethnic sensitivity of the novel OD treatment FF/VI in East Asian asthma patients included in Phase IIb and Phase III clinical studies has been assessed in this analysis. The efficacy (trough FEV 1 ) results in asthma patients in Japan and the safety profile observed in asthma patients in Japan + Korea did not indicate that a different clinical dose of FF/VI is required in East Asian asthma patients, relative to non-East Asian patients.
In both the Japan and Not-Japan cohorts, a notably higher proportion of patients receiving placebo withdrew due to lack of efficacy, relative to patients receiving FF/VI. The improvements in trough FEV 1 at Week 12 show that asthma patients in Japan benefited from FF/VI 100/25 μg or FF/VI 200/25 μg, and that response to treatment in Japanese patients is similar to that seen in the global population, suggesting the doses used in the global population are appropriate for use in Japanese patients. Patients recruited from Japan had a lower placebo response than patients from Not-Japan, resulting in the observation of greater numerical improvements with FF/VI versus placebo in the Japan cohort. For the FF/VI 100/25 μg versus FF 100 μg treatment comparison, differences between populations were less pronounced. The results for FF/VI 200/25 μg OD versus FP 500 μg BD at Week 12 and Week 24 also demonstrate that the change from baseline data for trough FEV 1 appeared to be similar between the Japan and Not-Japan asthma patients.
There was a trend towards a greater proportion of patients in Japan + Korea reporting on-treatment AEs with FF/VI or FF than in the Not-Japan + Korea cohort. This trend was also observed with placebo, which indicates that patients in Japan + Korea had a higher tendency to report AEs in general. Regional differences in AE reporting have been observed for other drugs [21] . Furthermore, there was no evidence of ethnic differences for treatment-related AEs or class-related AEs. There were no deaths or treatmentrelated SAEs in patients recruited from Japan + Korea. The slightly greater proportion of withdrawals due to AEs in the Japan + Korea versus Not-Japan + Korea patients should be interpreted with caution due to low patient numbers; generally, withdrawals due to AEs were low and there was no clear indication of an ethnic difference. The safety profile of FF/VI in this analysis is consistent with that reported previously for Japanese asthma patients from a 12-month safety study of FF/VI [22] , as well as in non-Japanese asthma patients in other multiregional studies [23, 24] .
Systemic exposure to high-dose ICS has been associated with unwanted changes in hypothalamic-pituitaryadrenal (HPA) axis function and cortisol suppression [25] . Previous studies in Japanese subjects [26, 27] and other multiregional studies [25, 28] have assessed the dose-dependent effect of inhaled FF (doses up to 4,000 μg administered as a single dose, including 800 μg OD in Japanese) on urine or plasma cortisol. In the current pooled analysis for the treatment comparison of urine cortisol effect (FF versus placebo, or FF/VI versus dose-matched FF), no statistically significant differences were observed between the Japan + Korea and the NotJapan + Korea populations. In the Overall population of the current pooled safety analysis, the FF 200 μg treatment arm demonstrated a 16 % reduction in urine cortisol excretion (ratio of end of treatment to baseline) relative to placebo, which was statistically significant but unlikely to be clinically relevant. However, modeling of the plasma FF concentration effect on urine or serum cortisol in multinational populations [25] and in healthy Japanese subjects [26] has demonstrated that clinical doses of FF (≤200 μg) have not been associated with decreases in cortisol of clinical concern. In addition, the definitive study of the effect of FF/VI 100/25 μg and 200/25 μg on the HPA axis, in which 24-h serum cortisol was assessed in patients with asthma, did not show a significant reduction of cortisol levels relative to placebo with either strength of FF/VI [28] .
The absence of treatment-related changes of concern in blood glucose or potassium concentrations for VI administered as FF/VI are consistent with previous reports [26, 29, 30] in healthy Western and Japanese subjects. In the current analysis, there was no indication that VI administered as FF/VI was related to ECG abnormalities, consistent with previous reports in healthy Japanese subjects [26] and a multiregional study [29] , suggesting that the clinical dose of VI 25 μg does not have a clinically relevant impact on QT/QTc interval. Increases in heart rate are a known LABA effect [31] and the small increases from baseline in heart rate observed in the current analysis are consistent with the small, transient effects reported in other clinical studies with inhaled VI [23, 32] .
The pharmacokinetics of FF and VI have been characterized during the FF/VI development program in healthy subjects, including East Asians [26] , as well as in patients with asthma or COPD [33] . In healthy subjects, higher FF systemic exposure (<2-fold) following oral inhalation has been observed in East Asians than Caucasians [27] , which may be related to differences in absorption from the lung [27] . However, as previously CI confidence interval, FF fluticasone furoate, LS least-squares, OD once daily, VI vilanterol Data from studies FFA109685, FFA109687, HZA106827, and HZA106829. Analysis performed using ANCOVA with covariates of study, gender, age, treatment group, geographical region, geographical region-by-treatment interaction (Japan + Korea and Not-Japan + Korea analysis only), and the log of baseline values. † Number of patients with analyzable data at end of treatment; *P = 0.038; Overall FF 200 μg vs placebo described, clinical doses of FF (≤200 μg) have not been associated with urine cortisol suppression of clinical concern in Japanese healthy subjects and asthma patients. Therefore, the modest increase in FF systemic exposure anticipated in East Asian asthma patients does not result in clinically significant effects on HPA axis function. As previously noted, effects potentially associated with systemic VI concentrations (effects on glucose, potassium, and cardiovascular effects) were limited and were not of clinical concern in Japan + Korea and Not-Japan + Korea patients with asthma. The current analysis has some limitations. Only a limited total number of patients in Japan and Korea were included in these multiregional clinical studies and the Japan and Japan + Korea cohorts were not formally powered for statistical analysis. Furthermore, even though these were pre-specified, a number of subgroup analyses were performed and multiplicity issues should be considered when drawing inference from the results of these analyses. It is also important to consider the differences in duration of exposure to study drug across the five studies, in particular, the markedly lower number of patient-years of exposure to placebo that limits the ability to directly compare safety data. In addition, differences in study design restrict the treatment arms that could be pooled for statistical comparisons of efficacy data, preventing the statistical comparison of FF/VI 200/ 25 μg versus placebo.
Conclusion
The totality of the data from the current analysis, taken together with previously published results in Japanese asthma patients and Japanese healthy subjects [22, 26, 27] , provide confidence that the efficacy and safety of FF/VI is of low ethnic sensitivity and this supports the conclusion that the same clinical doses of FF/VI (100/25 μg OD and 200/25 μg OD) are appropriate for both East Asian and non-East Asian asthma patients.
